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Coxiella burnetii is the causative agent of Q-fever, a
worldwide zoonosis. C. burnetii can induce abor-
tion, stillbirth or delivery of weak lambs, gener-
ating non-negligible economic losses. At present,
no serological tests are available to ascertain a Q-
fever abortion.
Western blot analysis of C. burnetii lysate indi-
cated that a 28-kDa protein was recognized by
sera of goats that have aborted (not shown). As
this protein could correspond to AdaA, which has
previously been shown to be associated with
virulence of Q-fever in human [1], the present
study was undertaken to determine whether
AdaA protein could be a good marker for the
detection of Q-fever abortion.
The adaA gene (CBU0952) of caprine (CbC1,
CbC2, CbC5), ovine (CbO1, CbO184), bovine
(CbB1, CbB2, CbB3, CbB4, CbB5, CbB7) and Nine
Mile strains of C. burnetii was ampliﬁed by PCR
using two primers containing the restriction
site BamHI or NotI: AdaA-1 (5¢-CGCGGGATCC
GCCTTCGCTGAAAATCGC-3¢) and AdaA-2
(5¢-ATTTGCGGCCGCTTTATTTAAAAAAGTCG
CCAC-3¢). The ampliﬁcation reaction was per-
formed in 25 lL containing 10 pmol of each
primer, 0.2 mM dNTP Mix (Invitrogen, Cergy
Pontoise, France), 3 mM MgCl2, 1 · PCR buffer,
1.25 U of Platinum Taq DNA polymerase (Invi-
trogen), and 100 ng of DNA. The adaA gene from
the CbC1 strain was cloned into the expression
vector pET30(a+) (Novagen, Darmstadt, Ger-
many), and expressed in Escherichia coli BL21.
The His-tagged protein was then puriﬁed in
denaturant conditions (8 M urea, 0.1 M NaH2PO4,
0.01 M Tris-HCl, pH 8) by afﬁnity chromatogra-
phy using the QIAexpress Type ATG kit (Qiagen,
Courtaboeuf, France). Four hundred nanograms
per well of the puriﬁed protein (rAdaA) were
used in ELISA. Sera from goats experimentally
infected with the CbC1 strain [2], and that had
aborted, had delivered normally or were not
pregnant, were tested with the rAdaA ELISA at a
dilution of 1 : 100. In addition, the reactivity of
sera from naturally infected animals was also
tested.
The puriﬁed rAdaA, deleted of its putative
signal peptide, was obtained with a good yield
and was used in ELISA. High reactivity was
observed against the rAdaA protein, with sera
collection at 2–3 weeks after delivery or abortion
(Fig. 1a). This indicates that the reactivity against
this protein was not speciﬁc for an abortion stage
due to C. burnetii, but could be used anyway in
ELISA to determine the presence of a Q-fever
infection after abortion. To assess the use of this
protein in the ﬁeld, sera of goats from a herd with
Q-fever infection, taken 1–2 weeks after delivery,
abortion or perinatal mortality, were tested with
the rAdaA ELISA. Surprisingly, none of the tested
sera reacted with rAdaA, indicating that this
protein could not be used to diagnose a Q-fever
abortion in the ﬁeld.
Previous studies have shown the absence of the
adaA gene in different C. burnetii strains [1,3].
Therefore, the lack of reactivity observed in the
ﬁeld samples could be explained by alteration of
the adaA gene in these strains. To investigate this
assumption, the adaA gene of all strains was
ampliﬁed and sequenced. The presence of the
adaA gene (CBU0952) was conﬁrmed for the Nine
Mile, CbC1 and bovine strains as a PCR product
of 620 bp (deﬁned as the ‘wild type’ of the gene)
(Fig. 1b). However, a PCR product of 847 bp was
obtained for the CbC5 and CbC2 strains. In
addition to the 847-bp fragment present in the
CbC2 strain, a band corresponding to the wild
type could be observed. Sequence analysis of
the 847-bp fragment revealed a duplication of a
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227-bp fragment within the 5¢-end. At the protein
level, the addition of this sequence resulted in the
formation of a premature stop codon. Further-
more, the adaA gene was not ampliﬁed in the
ovine CbO1 and CbO184 strains, suggesting a
complete deletion of the gene for these strains.
In contrast to the observation made on the
Priscilla strain isolated from a goat [1,3], our
results have shown that the adaA gene is poly-
morphic among the caprine strains tested. Fur-
thermore, we could not amplify this gene from
goat samples taken from the ﬁeld. More interest-
ingly, typing methods such as multilocus vari-
able-number tandem repeat analysis and
multilocus sequence typing have shown that the
ﬁeld samples have the same proﬁle as the ovine
strains (K. Sidi-Boumedine, unpublished). These
ﬁndings suggest that some goat samples and the
Priscilla strain were more genetically related to
ovine strains.
Despite the recognition of the AdaA protein by
the immune system after abortion cases, the loss
of its expression, in some strains, caused by
genomic changes precluded the use of this anti-
gen in immunodiagnostic tests. In order to diag-
nose Q-fever abortion, other antigens must be
identiﬁed.
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Fig. 1. Serological and molecular characterization of AdaA. (a) Seroreactivity, with the rAdaA ELISA, of sera from goats
experimentally infected with the caprine strain CbC1. ND, normal delivery; Ab, abortion. (b) Ampliﬁcation by PCR of the
adaA gene in the Nine Mile, caprine (CbC1, CbC2, CbC5), ovine (CbO1, CbO184) and bovine (CbB1, CbB2, CbB3, CbB4,
CbB5, CbB7) strains, and the G strain isolated from herd G.
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